Abstract: Serum contains various antioxidant molecules that may provide important protection against free radical attack. The aim of this work was to assess the total antioxidant capacity of plasma and a marker of lipid per oxidation [(thiobarbituric acid-reactive substances (TBARS)] in plasma of healthy smoking and non-smoking young and elderly subjects. In addition, we investigated plasma concentrations of α-tocopherol, β-carotene, and ascorbic acid. In in vitro experiments, the effects of exogenous compounds (ascorbic acid, uric acid, Trolox) on total ferric-reducing activity of plasma (FRAP) were also tested. We demonstrated that total antioxidant capacity of plasma obtained from healthy non-smoking young subjects was significantly higher than plasma antioxidant capacity of smoking elderly subjects. The concentration of TBARS in young non-smoking volunteers was lower than that in young smokers. The concentration of TBARS in elderly non-smoking volunteers was lower than in elderly smokers. Plasma concentrations of alpha-tocopherol, beta-carotene and ascorbic acid were significantly lower in elderly smoker than in elderly non-smokers of the same age. No difference in the plasma levels of alpha-tocopherol, beta-carotene and ascorbic acid were found in 22-year-old smoking and non-smoking subjects. In vitro addition of ascorbic acid, uric acid, or Trolox to plasma samples significantly increased their total antioxidant capacity. Decrease of FRAP values and increase of TBARS concentrations is a significant physiologic condition of the aging process. Supplementation of antioxidants could be useful for the enhancement of antioxidant screen in plasma.
Introduction
Reactive oxygen species (ROS) are involved in many cellular metabolic and signaling processes and thought to have a role in aging and smoking [1] [2] [3] [4] [5] . Therefore, their detoxication and elimination are necessary for normal physiologic cellular activity and survival. Critical sites of ROS attack are the membranes of intracellular organelles, e.g. the phospholipid-rich lysosomal membranes. Lipid peroxidation involves the process of oxidative destruction of lipids, localized mainly in the cell membranes. Lipid peroxidation, well correlated with oxidative stress intensity, is a chain reaction, in which polyunsaturated fatty acids are degraded to small, more reactive particles such as conjugated dienes, lipid hydroperoxides, and thiobarbituric acid-reactive substances (TBARs) [6] . Living organisms have developed complex antioxidant systems to counteract reactive oxygen species and to reduce organ damage. These antioxidant systems include enzymes such as superoxide dismutase, catalase, and glutathione peroxidase; macromolecules such as albumin, ceruloplasmin, and ferritin; and a variety of small molecules, including ascorbic acid, α-tocopherol, β-carotene, ubiquinol-10, reduced glutathione, methionine, uric acid, and bilirubin [7] . Smoking is associated with lower plasma antioxidants concentrations, increased oxidative stress and damage, and increased risk of several chronic diseases [8] .
Numerous aging theories have been proposed to explain the progressive and deleterious changes characteristic of aging. One of the most popular among these is the widely accepted free radical theory [9] . The aging process is known to be associated with oxidative stress and age-inherent loss of antioxidant capacity [9, 10] . Many experiments on the aging processes have been carried out in animals but there is limited evidence in humans.
The aim of the present study was to assess the total antioxidant capacity of plasma and lipid peroxidation in plasma obtained from healthy smoking and non-smoking young and elderly volunteers as well as to determine the plasma concentrations of endogenous antioxidants in young and elderly, smoking and non-smoking subjects. Moreover, we wanted to estimate the role of exogenous antioxidants (ascorbic acid, uric acid, vitamin E ) as possible factors that may augment total plasma antioxidant capacity in in vitro experiments.
Subjects and experimental procedure

Subjects
The study was carried out in a group of 169 healthy subjects from 20-82 years of age who had no acute or chronic diseases and had not used any medication for at last 2 months before blood sampling. The subjects were divided into four groups:
Group I: young non-smoking volunteers (women 20 ± 3 years, n = 30; men 20 ± 3 years n=21).
Group II: young smoking volunteers (women 20 ± 3 years, n=17, men 20 ± 4 years n=19)
Group III: elderly non-smoking volunteers (women mean age: 76 ± 4 years, n = 26); men 78 ± 3 years n= 20).
Group IV: elderly smoking volunteers (women 77 ± 5 years, n= 16, men 76 ± 3 years n= 20). Smokers were determined as those who smoked more than five cigarettes per day.
The subjects were informed of the purpose of the study. The study was approved by the local committee of the Medical University of Lodz and all subjects gave their informed consent.
Blood sampling
The subjects were asked to attend the laboratory between between 08.00-09.00 hours after overnight fasting, then 3 mL of blood samples were drawn from the antecubital vein into vacuette tubes with sodium heparin (200 mg/L). The blood samples were immediately placed on ice in the dark and centrifuged within 15 min after blood collection at 3,000 rpm for 10 min at 4
• C . The samples were then transferred to 1.5 mL Eppendorf tubes and stored at -80 • C for less than 2 weeks before subsequent analysis.
In vitro experiments
The purpose of this study was to test the effect of exogenous antioxidant on the antioxidant capacity of plasma. This experiments were carried out using plasma obtained from young non-smoking volunteers (women 20 ± 3 years; n= 9; men 20 ± 4 years ; n= 11). After addition to plasma trolox, ascorbic acid, or uric acid in final concentrations of 80 μM, 50 μM and 30 μM absorbance were measured at 593 nm during 20-min intervals. Each assay was performed three times.
Chemicals
Dimethylsulfoxide, thiobarbituric acid (TBA), butylated hydroxytoluene, sodium acetate trihydrate, TPTZ (2,4,6-tripyridyl-s-triazine, ferric chloride hexahydrate, FeSO 4 7H 2 0, Lascorbic acid, Trolox (water soluble analog of vitamin E), and uric acid (Sigma-St. Louis, MO, USA), were used to prepare the solutions. All other reagents were obtained from POCH (Gliwice, Poland) and were of analytical grade. TBA solution was prepared by dissolving 0. 67 g TBA in 100 ml deionized water and then diluting 1:1 with glacial acetic acid. Sterile, deionized water (resistance > 18 MΩ cm, HPLC Water Purification System USF ELGA, England) was used throughout the study.
Ferric-reducing ability assay
The automated FRAP assay was carried out on Ultraspec III (Pharmacia LKB) spectrophotometer using the method described by Benzie and Strain [11] with modifications.
This test measured total antioxidant capacity determined by nonenzymatic antioxidants; the main contributors in this test are ascorbic acid and uric acid whereas plasma proteins and low molecular weight SH groups containing compounds, such as glutathione, have very low activity in this method [12] . In brief, 1.5 mL of working, prewarmed 37
• C FRAP reagent (10 volumes of 300-mmol/L acetate buffer, pH 3.6 + 1 vol of 10 mmol/L 2,4,6 -tripyridyl-s-triazine in 40 mmol/L HCl + 1 vol of 20 mmol/L FeCl 3 ) was mixed with 50 μL of the test sample and standards. This was vortex mixed and absorbance at 593 nm was read against a reagent blank at a predetermined time after sample-reagent mixing. The test was performed at 37
• C and the 0-to 20-min reaction time frame was used. The final results are expressed as mmol Trolox equivalent/L. The relative activity of Trolox in the FRAP assay was 2.0; i.e.,the direct reaction of Fe 2+ gave a change in absorbance one-half that of an equivalent molar concentration for Trolox.
Measurement of thiobaric acid-reactive substances in serum
The automated TBARS assay was carried out on Perkin Elmer Luminescence Spectrometer LS 50B. The lipid peroxidation contents in plasma were determined by malondialdehyde production and assayed as TBARS by using the method previously described [13] . Briefly, 0.5 mL of 0.05 M H 2 S04 and 0.25 mL of 1.23 M trichloroacetic acid were added to 0.05 ml of serum, mixed and then centrifuged for 10 min (1,500g, 4
• C). The supernatant was discarded and mixed with 2 mL of distilled water, 0.01 mL of 4.53 nM butylated hydroxytoluene in methanol and 0.5 mL of TBA solution. The obtained mixture was incubated for 30 min in a water bath at 100
• C in securely closed tubes. After cooling, 2.5 mL of butanol was added to the tubes, and after intensive shaking centrifuged for 10 min (1,500 g 20 • C). Measurements were made in the supernatant of butanol layer.
Fluorescence was measured at an excitation wavelength of 515 nm and an emission wavelength of 546 nm. Readings were converted into μM using the calibration curve obtained for tetramethoxypropane (0.01-50 μM). The control contained deionized water instead of serum.
Measurement of plasma α -tocopherol, ascorbic acid and β-carotene
Plasma samples for antioxidant measurement were immediately stabilized with an equal amount of 10 % (wt/vol) meta-phosphoric acid containing 2 mM of disodium-EDTA. The precipitate was removed by centrifugation at 16,000× g for 1 min (4 • C) and the supernatants were stored at -80
• C for less than 1 month until analysis. The concentrations of α-tocopherol, ascorbic acid, and β-carotene in plasma were measured by using reversedphase high-performance liquid chromatography (HPLC) with coulometric detection as described elsewhere [5, 14] .
Statistical analysis
The data are expressed as the mean ± SE. Differences between the means of two continuous variables were evaluated with a Student's test. Correlation coefficients were calculated with the Spearmann test. In all cases, a P value of < 0.05 was considered significant.
Results
FRAP assay
Mean FRAP values in young non-smoking volunteers (2.58 ± 0.07 mmol Trolox equivalent/L were higher than in young smoking volunteers of the same age (1.96 ± 0.09 mmol Trolox equivalent/L, p< 0.001). Similarly, FRAP values in elderly smoking volunteers were lower than in elderly non-smoking subjects (1.84 ± 0.1 and 1.49 ± 0.06 mmol Trolox equivalent/L, p< 0.001, respectively (Fig. 1 ).
TBARS assay
Plasma TBARS concentrations measured for young non-smoking volunteers (0.96 ± 0.05 μM) were significantly lower than from those found in plasma of young smoking subjects of the same age (1.34 ± 0.06 μM, p< 0.001). Similarly, in elderly smoking women and men we observed significantly increased (p< 0.001) plasma TBARS as compared with the elderly non-smoking volunteers (Fig. 2) . We found a negative correlation between plasma FRAP values and TBARS level in young non-smoking and smoking volunteers (r=0.890, p< 0.001, n= 24) as well as between elderly nonsmoking and smoking subjects (r=0.840, p< 0.001, n=27). 
Levels of α -tocopherol, ascorbic acid and β-carotene in plasma
The average level of plasma alpha-tocopherol and β-carotene in 76-to 80-year-old nonsmoking subjects (21.7 ± 1.1 μmol/L; 0.21 ± 0.01 μmol/L) was significantly lower than that of young healthy subjects (26.8 ± 1.2 μmol/L; 0.30 ± 0.03 μmol/L ; p< 0.001) . Similarly, plasma α -tocopherol and β-carotene of smokers aged more than 76 years (15.2 ± 0.9 μmol/L; 0.13 ± 0.02 μmol/L ) was lower than that of the age-matched non-smokers (21. 7 ± 1.1 μmol/L; 0.21 ± 0,01; p< 0.001).
The average concentration of ascorbic acid in the plasma of elderly non-smoking subjects was significantly decreased (37.6 ± 2.3 μmol/L ) in comparison to young nonsmoking healthy subjects (47.2 ±2.1 μmol/L; p< 0.001). Similarly, the average level of plasma ascorbic acid of smokers aged above 76 (31.1 ± 1.9 μmol/L) was lower than that of the age-matched non-smokers (37.6 ±2.3 μmol/L; p< 0.001).
No difference in plasma level of α -tocopherol, ascorbic acid, and β-carotene was found in smokers and non-smokers aged 22 years (Table 1) . (Fig. 3) . 
Discussion
The oxidative stress theory of aging has become increasingly accepted as playing a role in the aging process. The intensity of oxidative stress is determined not only by free radical production but also by antioxidant (i.e., enzymatic and non-enzymatic) defense [15] . In the present study, the ferric-reducing antioxidant capacity (FRAP) was used to measure the total antioxidant capacity of plasma obtained from young and elderly subjects [16] [17] [18] . We demonstrated that total antioxidant capacity of fresh plasma obtained from healthy young women and men did not differ significantly between each other and was significantly higher than plasma antioxidant capacity of elderly subjects.
Our results indicate that the mean FRAP value in our population of young women (mean age 20 ±3) accounted for 2,58 ± 0,07 mmol Trolox equivalent/L. These results are considerably higher than those reported by other authors. Vassale et al. [17] indicated that FRAP mean value in plasma samples accounted for 514 ± μmol/L. A value of aprroximately 1,000 μmol/L was found in plasma samples from healthy subjects aged 18-58 years (n=72) [18] . Other data, obtained from an Asian population, indicate that the mean FRAP value accounted for 1,017 μmol/L (n=141) [11] . These different results may be explained, at least in part, by different ethnic origins of the populations studied, in correlation with feeding habits and lifestyle, that represent important determinants affecting antioxidant status. In addition, we have to take into account that our population subjects were < 25 years of age and age may represent another crucial factor that influences the overall antioxidant capacity of each individual.
In our study elderly subjects had significantly lower FRAP values and higher TBARS levels, which indicates lower capacity of defense against reactive oxygen species.
Our findings correlates with the results of Ahlo et al. [20] who reported that antioxidant capacity of human plasma and cerebrospinal fluid (CSF) decreased with age. Similarly, other authors demonstrated a significant decrease in FRAP values in elderly subjects [17, [21] [22] [23] . Aging results in decrease of antioxidant enzyme activity in serum [22] . The decrease in FRAP values could be due to the age-related decrease in antioxidant defense system or inadequate production of antioxidant enzymes.
In our study we also focused on lipid peroxidation as a consequence of free radical attack on membrane polyunsatured fatty acids. We indicated that the extent of lipid peroxidation depends on age, showing a tendency to increase with age. The findings are in agreement with the results obtained from some studies [4, 22] . Mutlu-Turkoglu et al. [21] compared plasma level of malondialdehyde (MDA) and protein carbonyl in young and elderly subjects and indicated that they were increased in the plasma of the elderly population. In addition, an increase in endogenous and H 2 0 2 -induced DNA damage in lymphocytes was observed in elderly subjects. Other authors also demonstrated a continuous linear increase in oxidative events throughout adult life and that the capacity of the glutathione antioxidant system was maintained until 45 years of age, and declined rapidly thereafter [24] .
The negative correlation between FRAP value and TBARS levels in young and elderly subjects is consistent with a study showing a strong positive correlation between the subjects' age and peak release of reactive oxygen species from activated phagocytes as measured by a whole blood chemiluminescence assay [25] .
It has been well documented that cigarette smoking increases the level of oxidative stress. Among the toxic compounds contained in tobacco smoke there are reactive oxygen species, polycyclic aromatic hydrocarbons such as benzo[α]pyrene, cadmium, and nicotine [26] . We indicated that plasma antioxidant status is diminished in smokers, whereas lipid peroxidation is increased compared with non-smokers. We also showed that in smoking subjects and elderly subjects the concentrations of α-tocopherol, β-carotene, and ascorbic acid are lower in comparison with non-smoking subjects. It indicates that adequate levels of alpha-tocopherol, beta-carotene, and ascorbic acid may protect the plasma from oxidative damage elicited by smoking-mediated reactive oxygen species and free radicals in smokers.
Vitamin E, ascorbic acid and uric acid are important defensive agents against reactive oxygen species. Vitamin E is widely recognized as a major lipid-soluble chain-breaking antioxidant in the biological membrane where it scavenges free radicals, inhibiting the initiation and chain propagation of lipid peroxidation and protecting cellular structures against oxidative stress damage [27, 28] . Sumien et al. [29] indicated that oral intake of alpha-tocopheryl acetate (1.65 g/Kg) for 13 weeks caused alpha-tocopherol concentration to increase approximately 3-to 5-fold in plasma and in tissue homogenates and approximately 2-to 3-fold in mitochondria from the liver, skeletal muscle and heart of aged (21 months) mice. In this study Trolox was the strongest antioxidant (Fig. 3) . It is well known that vitamin C directly scavenges radicals present in the aqueous compartment. It was shown that in old rats, vitamin C plasma levels were decreased in comparison with young animals [10] . Sodium-dependent ascorbic acid transport declines during the aging process and may account for much loss in tissue ascorbic-acid [30] .
Uric acid, which also serves as a water soluble antioxidant is an end product of purine metabolism and is present in high concentrations in plasma [31] . Systemic administration of uric acid causes an increase in serum antioxidant capacity and reduces oxidative stress during acute physical exercise in healthy subjects [32] . In other studies, it has been demonstrated that uric acid is not a strong antioxidant against potent free radical reactions, and that it cannot prevent potent free radical reactions [33, 34] . In our in vitro experiments, uric acid ameliorated antioxidant capacity of plasma. The use of Fe 2+ as a final indicator in the FRAP assay may cause problems because ascorbic acid, not only reduces Fe 3+ to Fe 2+ , but can also react with Fe 2+ to generate additional free radicals. It should be emphasized that FRAP does not really measure serum antioxidants proteins (including albumin), it also excludes the low molecular weight SH-group-containing antioxidants, such as lipoic acid and some amino acids.
In conclusion, We found a negative correlation between FRAP values and TBARS levels in young and elderly subjects. In smokers and in elderly subjects, the FRAP values and concentration of α-tocopherol, β-carotene, and ascorbic acid were significantly lower. Cigarette smoking caused an increase of plasma-circulating products of lipid peroxidation, which are already increased in non-smoking elderly volunteers. Lower plasma levels of α-tocopherol, β-carotene, and ascorbic acid may be more susceptible to oxidative tissue damage caused by smoking. We confirmed in in vitro experiments that exogenous antioxidants increase the antioxidant capacity of plasma. Similarly, in vivo experiments of other authors have indicated that the values of total antioxidant capacity of plasma significantly increased and plasma molandialdehyde significantly decreased after supplementation with antioxidants (vitamin C, vitamin E, β-carotene, and selenium) [35] . To further evaluate the overall antioxidant status in physiopathological studies, more extensive well-controlled studies are required in more various and larger groups of patients, with greater age intervals.
